Improving Disclosure and Consent
The recent flood of research concerning pollutants in personal environmental and biological samples-blood, urine, breastmilk, household dust and air, umbilical cord blood, and other media-raises questions about whether and how to report results to individual study participants.
Clinical medicine provides an expert-driven framework, whereas community-based participatory research emphasizes participants' right to know and the potential to inform action even when health effects are uncertain. Activist efforts offer other models.
We consider ethical issues involved in the decision to report individual results in exposure studies and what information should be included. Our discussion is informed by our experience with 120 women in a study of 89 pollutants in homes and by interviews with other researchers and institutional re- The ad reported on a study by Environmental Working Group (EWG) and Mt Sinai Medical School that reported finding an average of 90 pollutants in blood samples from 9 volunteers who were tested for 200 environmental chemicals. Details on the EWG Web site put a human face on "the pollution in people" by revealing each volunteer's test results. 2 A month later, the US
Centers for Disease Control and Prevention (CDC) published its Second National Report on Human
Exposure to Environmental Chemicals, an extensive assessment of personal exposure statistics for a representative sample of the US population, that included measurement of 116 pollutants in participants' blood and urine. 3 These reports marked the beginning of a flood of personal exposure information. Scientific journals, activist Web sites, and the news media were soon reporting on contaminants in personal environmental and biological samples-for example, flame retardants in breastmilk, 4 pesticides in umbilical-cord blood, 5, 6 These issues are of particular importance to our study team because of the household exposure study of endocrinedisrupting compounds we are conducting. As part of the Cape Cod (Massachusetts) Breast Cancer and Environment Study, [12] [13] [14] we tested for 89 endocrinedisrupting compounds in household air and dust from 120 homes and tested a urine sample from the woman in each home who participated in the breast cancer study. The endocrinedisrupting compounds tested for included phthalates, alkylphenols, parabens, polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), pesticides, and other phenolic endocrine-disrupting compounds. 7 We are continuing the study in Cape Cod and have expanded the study in Northern California.
Our approach in the household exposure study is to draw on a community-based participatory research framework 15 and "right-to-know" ethic; we report aggregated results in scientific journals, at public meetings, and in the news media and offered participants the opportunity to receive their individual results. However, we have found few models for reporting personal exposures to study participants; indeed, some researchers and institutional review boards have argued against reporting individual results when the clinical implications are unclear.
Because of the dearth of models and the questions about the ethics of reporting, we examined ethical frameworks and interviewed other researchers, institutional review board members, and our study participants about their perspectives. Here, we examine several ethical perspectives on whether to report individuallevel exposure results and then consider how to report these results in a community-based participatory research context. We draw qualitatively on all our interviews with researchers, institutional review board staff, and our study participants to date; we plan to report on participant interviews again when they are complete. Our goal here is to stimulate dialogue about individual report-back issues (reporting an individual's own results to her or him), which are pressing, given the expansion of individual-level exposure measures of emerging pollutants.
DECIDING WHETHER TO REPORT INDIVIDUAL RESULTS
The guidelines for protecting human participants in research rest on 4 principles. Autonomy includes the right to know as a basis for self-determination in acting on research results. Beneficence and nonmalfeasance encompass the researcher's responsibility to maximize good and minimize harm. Justice refers to the distribution of benefits and harms to different groups. 16 The principles of autonomy and justice favor reporting individual results to study participants. 
CLINICAL MEDICINE
Reporting blood and urine concentrations of chemicals, including pollutants such as lead, is commonplace in medical practice, so researchers understandably turn to clinical medicine as a model for reporting individual results. In the clinical medicine model, individual test results are reported to the participant by a medical practitioner when the results are considered clinically relevant because expert judgment has determined that the results are associated with an adverse health outcome or because the results trigger intervention on the basis of medical guidelines or legal mandate.
Deck and Kosatsky 17 applied this standard in a study of sport fishing in which they measured environmental pollutants in blood, hair, and urine: "In clinical practice, full disclosure does not require that all results be communicated but rather those findings which, in the clinician's judgment, raise the possibility of the need for some action to be taken." 17(p227) In this model, action is predicated on knowing the relationship between the biomarker and health outcome: if the exposure-health effect relationship is not known, "it does not seem prudent to communicate such information [individual exposure], since doing so does not enhance autonomy and has potential for causing more harm than good." 17(p227) The clinical medicine model gives more importance to the expert-researcher's role in avoiding possible harm from reporting uncertain information and gives less importance to the study participants' ability to process complex and uncertain scientific information and respond autonomously. One particular concern in the context of recent toxicology is that the clinical approach does not enable precautionary action by participants, because they would not learn their individual results even if the evidence suggested that there are health effects below the action level, as is the case for lead, for example. 18, 19 Additionally, clinical medicine offers a narrow view of the potential for beneficial action. Clinical medicine is usually focused on medical intervention, although it extends to exposure reduction for lead and mercury, contaminants for which an adverse effect level in humans has been established. Changes in medical practice over the past few decades suggest that this constrained standard of report-back oversimplifies evolving doctor-patient relationships because patients are taking a more active role in directing their care. 20 
COMMUNITY-BASED PARTICIPATORY RESEARCH
Community-based participatory research conceptualizes research as a joint effort of researchers, community members, and study participants with shared decisionmaking and ownership of information. 25, 26 The spirit of this relationship is expressed in a study of farmworker pesticide exposures by Quandt et al., in which the authors argue that individuals have a right to know their results, because "It is ethical to return information to the 'owner' of that information." 27(p642) A collaborative study design and interpretation process is used in the community-based participatory research model to make decisions that take into account what community partners and study participants want. Extending this model to report-back, alternatives for reporting results would first be discussed by community representatives and researchers within the community-based participatory research team, then in a broader circle, for example with additional community leaders and in public meetings. In this context, research partners have a responsibility to facilitate informed participation by clarifying what information the proposed study methods can and cannot provide. In an exposure study for emerging pollutants, this means communicating that results are likely to show detectable concentrations of environmental chemicals, that the presence of pollutants does not necessarily result in harm, and that the study is not designed to find relationships with health effects. Researchers should communicate strengths or uncertainties in scientific knowledge about the relationship of exposure to health risk and articulate that exposure assessment is an important preliminary step toward revealing health effects in the future, while in the meantime, offering help to identify emissions sources and exposure-reduction strategies.
In addition, research partners must consider in advance how report-back may affect the confidentiality of the individual's results. If individuals learn their own results, might they be obligated to disclose them to otherse.g., if results point to a source that is regulated, such as a workplace, or reveal a possible hazard that may affect others?
The researcher-community consultation is then reflected in the recruiting scripts and informed consent. In designing these protocols, communitybased participatory research begins from a presumption that study participants should be empowered to make their own decisions about receiving individual results. 28 studies have also used unidentified samples or commingled samples from multiple individuals. 29 As in the national and state biomonitoring programs, the focus is on revealing exposure trends in populations. Looking across government programs, activist campaigns, and community-based participatory research studies like ours, a critical mass of personal exposure-monitoring reports could significantly transform environmental health research, regulatory policy, and public health approaches to disease prevention by both humanizing and quantifying "invisible" issues of contamination. The process and content of community and individual report-back are important dimensions in planning exposure studies, and these dimensions also influence the impact of the studies.
HOW AND WHAT TO REPORT
Ethical considerations extend beyond the decision about whether to report individual results to the inidividual to how and what to report. A first responsibility is to report in ways that are understandable. 30, 31 Methods for communicating risk-including strategies for building trust, respecting cultural context, and considering cognitive processes (i.e., how people process information)-are the subject of a large body of literature that informs effective reporting. The NAS biomonitoring report includes a recent overview.
11 Because NAS and others have extensively addressed these aspects of risk communication elsewhere, we focus here on the content of what is reported back. From the community-based participatory research perspective, the question of how to report individual results begins with an understanding of what people want and need to know to guide action. We have investigated what study participants want to know by fielding numerous questions from women in our study, community leaders, and the news media, and through discussion with public advisory committees. Access to this input is possible because of a 10-year history of building relationships and trust in the community. Based on our work to date, we developed a set of questions that captured participants' inquiries and assessed what research data help answer these questions (Table 1 ).
At the most basic level, participants want to know what target chemicals we found in their homes, and a list of detected chemicals provides the answer. We can also answer the question, "How much?" by reporting the numerical concentration in a table or bar graph. To make this information meaningful for action, we must go beyond description to more difficult analytic and comparative questions.
Analysis and Comparisons in Reporting
Questions about "meaning" are difficult to answer for emerging pollutants for which health effects may not have been investigated and are not known. For 30 of 89 chemicals in our study, no measurements from indoor environments had previously been reported. For 39 chemicals, we found an existing federal healthbased guideline; however, many were outdated, and none were based on potential hormonal effects, which was the mechanism of interest and the reason for including the chemicals in our study. For example, the current EPA guideline for dibutyl phthalate is based on a 1953 study in which the end point was mortality 32 ; this standard is inadequate given the wealth of new information on its hormonally mediated developmental toxicity.
In the absence of a health guideline that directly answers the question, "Is it safe," the CDC National Report on Human Exposure is a valuable resource that allows individuals to compare their results to a representative sample of the US population. For pollutants not included in national studies, the study population itself can be used as a comparison for individual results.
However, comparisons to national or other study groups could lead both researchers and participants to "normalize" (interpret a situation as normal or routine) problematic contaminant levels and even construe them as safe. Interviews with participants in our Household Exposure Study show that they  HEALTH POLICY AND ETHICS  do evaluate their results against others in the study. These observations lead us to consider research designs that include the assessment of exposure in the absence of a source, because this method would provide a better comparison to background levels. For example, for chemicals with mostly indoor sources, outdoor concentrations in air or soil provide a useful comparison.
We are currently experimenting with information-rich visual report-back accompanied by pared-down verbal summaries. The visual report communicates "what," "how much," and comparisons to the full distribution of other individuals in the study and a federal health guideline, if one exists (Figure 1) . The verbal summaries distill key messages from the 139 results displayed in the graphs. 33 We found that summaries take substantial time for senior scientists to produce and require extensive toxicological and epidemiological knowledge and integrative thinking to evaluate what is most important. We took this as an indication that helping participants interpret their results is a responsibility of the research team. At the same time, participants in our study autonomously processed and interpreted the extensive, complex, and less "filtered" graphs. 33 
Recommendations to Study Participants
In our experience, participants want the reporting of results to include the researchers' recommendations for action, which, like the verbal summaries, integrate study data with broader scientific and practical knowledge. We believe that addressing this need is an ethical responsibility but is a significant scientific, ethical, and communications challenge.
In some studies, involving health care providers in the tailoring of the report-back of the results may be valuable, although we expect that this will require substantial training and briefing for clinicians, particularly in research on emerging pollutants. Often, community-based participatory research teams include members of the local medical community, who can help make the connections between environmental health and individual clinical medicine.
In our study of indoor chemical concentrations, the primary avenue for individual action is to identify the products or activities that are sources of exposure and remove or reduce them. We included a table of chemical sources in our report-back packet so participants could identify the household products or practices that produce the chemicals we detected, 34 and our verbal summaries highlighted strategies that are thought to reduce exposures.
Recommendations for communitylevel public health action are also desirable. We informed study participants about how a particular chemical is regulated in the United States and Europe and provided information about policy actions by our community partner Massachusetts Breast Cancer Coalition. We also regularly cosponsor community forums in which participants can interact with advocacy organizations. Identifying sources is difficult for many of our target compounds, including phthalates, parabens, and phenols, for which the dominant sources and the formulations of specific products are unknown. In addition, we encountered a number of puzzles that have become the subject of follow-up research. For example, we found very high concentrations of PCBs in some homes with no evidence of electrical equipment that might be a source. In addition, we unexpectedly detected the potent carcinogen 2,3 dibromopropanol in 10% of homes. This compound is a breakdown product of the flame retardant tris (2,3-dibromopropyl) phosphate, which was banned from children's sleepwear Note. PBDEs = polybrominated diphenyl ethers, PCBs = polychlorinated biphenyls. High certainty (i.e., high knowledge of exposure-effect relationships combined with high knowledge of exposure reduction methods) supports recommendations for public health policies and individual behavior change. Low certainty (i.e., low knowledge of exposure-effect relationships combined with low knowledge of exposure reduction methods) supports recommendations for further research and consideration of precautionary action. in 1977 but still used in other textiles, so we tested reserved dust samples for the parent compound to confirm it was the source. Additional testing narrowed the source to certain rooms, and we are considering "biopsies" of specific textiles so source objects could be removed. This follow-up resulted in an extended, interactive report-back.
The questions that arose from our research illustrate that just as the health effects of emerging pollutants are uncertain, the efficacy of exposure-reduction strategies may also be unknown. We caution researchers to acknowledge this uncertainty and not allow the wish to "fix" things and reduce worry to lead to unsubstantiated reassurance or recommendations. Figure 2 shows conceptually how increasing certainty about health effects and exposure reduction (i.e., high knowledge of exposureeffect relationships combined with high knowledge of exposure reduction methods) leads to clear recommendations both for public health and for individual action, whereas decreasing certainty in these dimensions (i.e., low knowledge of exposure-effect relationships combined with low knowledge of exposure reduction methods) leads to recommendations for further research and precautionary exposure reduction. Placing target compounds on the graph clarifies responsible communications. For example, it makes researchers more conscious of the impulse to deemphasize health risks in situations in which exposure-reduction strategies are unknown, or to overstate the efficacy of exposure reduction when health risks are clear. It may also motivate researchers to articulate what is not known and to work to fill the knowledge gaps.
CONCLUSION
Personal exposure assessment has developed into a key tool for science, risk assessment, and public health policy, especially as the environmental health sciences investigate low-dose chemical effects and the presence of emerging contaminants from consumer products, ambient air, and drinking water. Creative research to assess personal exposures has advanced significantly, but the evolution of study methods has outpaced the development of ethical standards for reporting results to communities and individual study participants. A majority of studies do not report individual exposure results and rely on outdated standards based in clinical medicine. Newer models experiment with reporting results as part of communityresearcher partnerships that emphasize participants' right to know and right to act, and in some cases, highly visible results reporting is central to activist "data judo" 35 strategies to stimulate policy change. In the long run, balancing benefits and harms from individual report-back of personal environmental and biological monitoring should be informed by empirical research on whether such reporting supports empowerment or causes unconstructive fear. Recent studies raise specific questions: Does breastmilk monitoring affect breastfeeding practices among study participants? Do people who choose to receive their results later regret their decision? Does report-back, in fact, help people reduce exposures?
By seeking input from researchers, community partners, study participants, policymakers, and health care providers, and  HEALTH POLICY AND ETHICS  by testing report-back strategies, we can develop guidelines for future practice. In shaping these guidelines, personal exposures are best understood in a public health ethical context that recognizes both individuals and communities as stakeholders and values public input, empowerment, and support for action. 36 Researchers have both a responsibility to anticipate and minimize harm and to maximize benefit. Report-back has the potential to generate experiential learning about environmental pollutants, generating broad benefits in improved public understanding, individual risk reduction, influence on corporate practices, and increased participation in environmental public health policy.
